Molecular weight marker proteins are routinely used in sodium dodecyl sulfate-polyacrylamide gel electrophoresis to estimate the relative molecular mass of specific proteins within a sample. This report describes a simple procedure for the generation of multicolored molecular weight proteins using a variety of Remazol-reactive textile dyes. These multicolored proteins provide a set of unambiguous markers for gel electrophoresis. Furthermore, the colored markers can be used in conjunction with Western blotting techniques to provide a visual display of marker proteins on the transfer membrane.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis is a common molecular biology technique that is employed to analyze complex mixtures of proteins [1] . Standard molecular weight proteins are routinely electrophoresed in conjunction with protein samples to permit the estimation of the relative mass of specific proteins within a sample. Oftentimes, prestained molecular weight marker proteins are employed in the SDS-PAGE procedure because: (i) they permit one to visualize the separation of proteins during the electrophoretic process; (ii) they aid in the electrophoretic purification of a desired protein by providing a visible marker that can be used as a parallel reference without the need to stain the purified protein; and (iii) they can also be used in conjunction with Western blotting techniques to provide a convenient visual display of marker proteins on the transfer membrane. A variety of methods have been previously employed to generate prestained proteins for electrophoretic analysis. Fluorescent labeling of proteins has been performed using dansyl chloride [2] , 2-methoxy-2,4,-diphenyl-3(2H)furanone [3] and fluorescamine [4] and the proteins are subsequently visualized by ultraviolet illumination. Orange-colored protein markers have been generated [5] using dabsyl chloride (4-dimethylaminouzobenzene-4-sulfonyl chloride) and blue marker proteins have been generated using Remazol Brilliant Blue R (6) and Drimarene Brilliant Blue K-BL [7] . Although monocolored, prestained marker proteins are commercially available (Life Technologies, Bethesda, MD, USA), the identity of an individual protein within a set of protein standards can oftentimes be ambiguous, depending upon the percent acrylamide used for SDS-PAGE. Further confusion regarding the identity of marker proteins arises if the protein standard undergoes proteolytic degradation. To circumvent this ambiguity, multicolored marker proteins have been developed to "color-code" individual proteins within the set of protein standards. Multicolored marker proteins have recently become commercially available (Invitrogen, Carlsbad, CA, USA; Bio-Rad Laboratories, Hercules, CA, USA); however, development of a unique set of prestained protein markers may be desirable for routine use in the laboratory. Thus, the focus of this report is the description of a simple procedure that allows investigators to generate multicolored molecular weight marker proteins using a variety of Remazol-reactive textile dyes.
The covalent linkage of Remazol dyes (Dystar L.P., Charlotte, NC, USA) to proteins is mediated by the vinyl sulfone derivatives of these dyes which bind to alcohol, sulfhydryl, primary amine and secondary amine groups of the protein when the reaction is performed under alkaline conditions [8] . Approximately 5-10 mg aliquots of individual protein standards (Sigma Chemical Company, St. Louis, MO, USA) were solubilized in 250 mL of 100 mM NaCO 3 , pH 10.0, and mixed with a 50 mL aliquot of Remazol dye (10 mg/mL) solubilized in 10% SDS. The linkage reaction was allowed to proceed at 607 C for 30 min and the reaction was subsequently terminated by the addition of 10 mg of crystalline lysine and an additional 10 min incubation period at 607C. In preliminary experiments, the removal of excess dye from the reaction mixture was performed using centrifugal filtration devices or size-exclusion chromatography. However, this additional purification step did not appear to enhance the generation of the prestained markers and thus, this step was eliminated from the protocol. The combination of marker proteins and Remazol dyes used in this report are indicated in Table 1 . The selection of these particular protein/dye combinations was based on a series of experiments designed to optimize the contrast of proteins within a set of protein standards. Following the generation of the individual prestained markers, 1-2 mL aliquots of each reaction mixture were pooled together and lyophilized using a Speed-Vac concentrator (Savant Instruments, Farmingdale, NY, USA). The pooled markers were reconstituted at a concentration of 2-4 mg/protein standard in a 15 mL volume of SDS sampler buffer (62 mM Tris, pH 6.8, 2% SDS, 100 mM dithiothreitol and 10% glycerol) and analyzed by SDS-PAGE [1] . The samples were electrophoresed in 15% polyacrylamide gels (Hoefer SE 280; 1061260.15 cm, Amersham Pharmacia Biotech, Piscataway, NY, USA) at 25 mA constant current for 1.5 h. Coomassie staining of gels was performed at room temperature for 6 h in a 100 mL volume of staining solution (0.1% Coomassie Blue R-250, 1% acetic acid and 40% methanol) that was gently agitated. The gels were destained for 18 h under similar conditions using a 10% acetic acid destain solution. Following the electrophoresis step, proteins were transferred from the gel matrix onto PVDF membranes using a Hoefer TE52 electrotransfer apparatus (Amersham Pharmacia Biotech) and Towbin's transfer buffer [9] . The gels were equilibrated in the transfer buffer for 30 min at room temperature and subsequently electroblotted for 1 h at 100 V and 157C. Table 1 ) and the relative molecular mass of commercial prestained markers (kDa) is indicated on the left.
The electrophoretic separation of the multicolored, prestained molecular weight markers via SDS-PAGE is shown in Fig. 1 . The upper panel of this figure demonstrates the electrophoretic migration of each individual marker protein and the pooled set of marker proteins. The lower panel of this figure demonstrates the Western transfer of this gel onto a PVDF membrane. These data show that the dye-labeled marker proteins provide a vivid set of protein standards that are clearly visible on the polyacrylamide gel and provide an unambiguous means of estimating the relative molecular mass of sample proteins. Furthermore, the prestained markers can be readily transferred onto a PVDF membrane and serve as standards for molecular mass estimation on the transfer membrane itself. It should be further noted that the described protocol generates very stable prestained marker proteins. Analysis of these molecular weight markers after storage for 18 months at -207C indicated that the relative electrophoretic mobility and the staining intensity of the proteins was virtually unaltered (data not shown). In addition, larger protein standards (collagenase, 120 kDa and urease subunits, 90 kDa) were also labeled with dyes using this protocol. The dyes effectively bound to the proteins; however, the efficiency of the electrotransfer of larger proteins onto PVDF membranes was variable (data not shown).
To determine the limits of visualization of the prestained marker proteins, various concentrations (0.25-5.0 mg/protein) of selected standards (BSA-turquoise, carbonic anhydrase orange and trypsin inhibitor blue) were subjected to SDS-PAGE and subsequently transferred onto PVDF membranes (Fig. 2) . The prestained marker proteins are clearly detectable on the polyacrylamide gel and on the PVDF membrane in the range of 2-5 mg/protein. In general, a concentration of 2-4 mg/protein was routinely employed to generate the sets of prestained marker proteins described herein.
To determine whether covalent linkage of these dyes to marker proteins significantly alters their relative electrophoretic mobility, a comparison between the labeled and The identity of marker proteins is indicated above the paired lanes (see Table 1 ) and the relative molecular mass of commercial prestained markers (kDa) is indicated on the left.
unlabeled proteins was performed. Unlabeled marker proteins and the corresponding prestained marker protein were electrophoresed in a side-by-side comparison (Fig. 3) . The upper panel of Fig. 3 represents the gel at the end of the electrophoretic run and the lower panel is the same gel that has been stained with Coomassie blue. A comparison of the relative mobility R f (distance of protein migration/distance of tracking dye migration) of the prestained and unlabeled proteins standard is shown in Fig. 4 . These data demonstrate that covalent linkage of Remazol dyes to bovine serum albumin, egg albumin, carbonic anhydrase, lactoalbumin and aprotinin had minimal effects on the electrophoretic mobility of these proteins, since the change in the estimated molecular mass between the labeled and unlabeled proteins was less than 4%. Similar changes in the electrophoretic migration of prestained protein standards have been noted by commercial suppliers of prestained marker proteins (Life Technologies, Bethesda, MD, USA). On the other hand, covalent linkage of Remazol Brilliant Blue R to trypsin inhibitor resulted in an approximate 16% increase in the apparent molecular mass of the protein and a pronounced diffusion of the protein band. This effect most likely represents the formation of peptide/dye adducts generated during the linkage reaction. A further retardation in electrophoretic mobility and a more diffuse broadening of the protein band was noted when the trypsin inhibitor/Remazol blue linkage reaction was allowed to proceed overnight (data not shown). Similar results were observed when labeling aprotinin with Remazol blue (data not shown), suggesting that this dye has a propensity for modifying the electrophoretic mobility of the marker protein.
In conclusion, the simple, inexpensive protein labeling procedure described in this report provides a convenient method for investigators to generate multicolored, prestained marker proteins in their laboratory. Use of these markers for SDS-PAGE analysis permits the unambiguous identification of individual marker proteins since they are "color-coded." This characteristic feature of multicolored marker proteins is especially beneficial in laboratories that perform SDS-PAGE under a variety of electrophoretic conditions. Furthermore, these prestained markers can be used for Western blotting procedures (Fig. 1 ) since they readily transfer from SDS polyacrylamide gels onto PVDF membranes. It should be noted, however, that the individual protein/dye combinations demonstrated in this report were selected based on the color contrast among the set of marker proteins, optimal labeling of the proteins with the selected dyes and the consistency in protein labeling from one experiment to another. Other combinations of proteins and dyes, as well as alternate labeling conditions resulted in the poor visualization of the labeled protein, proteolysis of the protein standard or unacceptable broadening of the protein band (data not shown). Thus, for routine SDS-PAGE analyses, the multicolored, prestained marker proteins provide a reliable means of estimating the relative molecular mass of sample proteins. The data presented herein demonstrate that the relative electrophoretic mobility of the prestained marker is similar to that of the unlabeled marker protein.
However, for the accurate estimation of the molecular mass of an unknown protein, use of unlabeled protein markers and postelectrophoretic staining may be necessary.
